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ABSTRACT
We report the outcome of multifrequency radio observations of a double–double radio
source J1706+4340 carried out with the Very Large Array and Giant Metrewave Radio Tele-
scope. After supplementing our own data with those available in the literature, we collected
a considerable set of radio measurements covering the range from 74 to 8460 MHz. This has
enabled us to perform a comprehensive review of physical properties of the source and its dy-
namical evolution analysis. In particular, we found that, while the age of the large-scale outer
lobes is in the range 260−300 Myr, the renewal of the jet activity, which is directly responsible
for the double–double structure, took place only about 12 Myr ago after about 27-Myr long
period of quiescence. Another important property of J1706+4340 we found is that the injec-
tion spectral indices and the jet powers for the inner and the outer doubles are very similar.
This implies that it is the spin of the supermassive black hole rather than e.g. an instability of
the accretion disc that is likely responsible for the jet production and its properties.
Key words:
radiation mechanisms: non-thermal – galaxies: individual: J1706+4340 – galaxies: jets – radio
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1 INTRODUCTION
Lobes of radio sources associated with active galactic nuclei
(AGNs) are huge reservoirs of energy so even when fuelling pro-
vided by the jets is cut-off, they are still observable, albeit in a relic
form, for a substantial amount of time. Komissarov & Gubanov
(1994) argue that the so-called coasting phase of the lobes may
last up to 108 yr hence it is quite likely that ignition of a new active
episode can still take place during the coasting phase, i.e. before
the lobes have faded completely. The observable effect of this co-
incidence would be the presence of a new pair of radio lobes strad-
dled with an old, larger, double-lobed relic structure. If both pairs
of lobes are co-linear and if there is a common centre of symme-
try located at the galactic nucleus then the whole such structure is
labelled a double–double radio source (DDRS). The list of best-
known DDRSs and the review of their properties has been given by
Saikia & Jamrozy (2009).
Since the outer lobes of DDRSs are no longer fuelled, they
have steep spectra due to ageing, thus they are best observ-
able at low radio frequencies. To attain high resolution at that
part of the spectrum, numerous DDRSs have been targeted by
Giant Metrewave Radio Telescope (GMRT). Nevertheless, the
most comprehensive approach in such investigations is to com-
bine the GMRT low-frequency data with the Very Large Array
(VLA) data obtained at higher frequencies. To date, only few
⋆ E-mail: amr@astro.uni.torun.pl
DDRSs, e.g. J1453+3308 (Konar et al. 2006) and PKS 1545−321
(Machalski, Jamrozy & Konar 2010), have been investigated this
way. Owing to determination of their spectra over a wide frequency
range, many of the astrophysical parameters could be established,
including the ages of both inner and outer lobes as well as the length
of the quiescence period between two epochs of activity the two
pairs of lobes are signatures of.
In this article, radio data for J1706+4340 gathered in the range
from 74 to 8460 MHz, predominantly by means of the GMRT and
VLA observations, are analysed in order to study the dynamics and
energetics of this source. The paper is organized as follows. The
discovery of the J1706+4340 as a DDRS is introduced in Section 2,
optical and infrared data of the host galaxy are quoted in Section 3,
and multifrequency radio data are presented in Section 4. The dy-
namical analysis of each pair of radio lobes of J1706+4340 is elab-
orated upon in Section 5. The results are discussed in Section 6 and
summarized in Section 7.
The cosmological parameters by (Spergel et al. 2003, H0 =
71 km s−1Mpc−1,ΩM = 0.27, and ΩΛ = 0.73) are used throughout
this article. Positions are given in the J2000.0 coordinate system.
2 THE DOUBLE–DOUBLE NATURE OF J1706+4340
J1706+4340 (B3 1704+437) has not been studied in detail to date
although its double–double nature has been recognized. Proctor
(2011) listed J1706+4340 as one of 242 double–doubles iden-
c© 0000 RAS
2 A. Marecki, M. Jamrozy & J. Machalski
Table 1. Radio data of J1706+4340 analysed in this study
Frequency Telescope/ Date of Beam size and PA rms Ref.
(MHz) Survey observation (′′) (′′) (◦) (mJy beam−1)
(1) (2) (3) (4) (5) (6)
73.8 VLA-B/VLSSr 2003 Sep 20 75 75 180.7 1
151.5 Cambridge/6C 1976–1978 252.0 364.9 40 2
152.2 GMRT 2011 Aug 25 24.78 21.33 −36.60 5.19 p
232.0 MSRT 1985–1993 228.0 330.2 50.0 3
240.1 GMRT 2011 Aug 31 36.85 10.63 −69.20 2.92 p
326.9 WSRT/WENSS 1991 54 78.2 3.25 4
408.0 Northern Cross/B3 1977 Feb–May 156 288.96 10 5
612.2 GMRT 2011 Aug 31 5.82 4.82 −3.36 0.071 p
1400.0 VLA-D/NVSS 1995 Mar 12 45 45 0.45 6
1400.0 VLA-B/FIRST 1994 Aug 19 5.4 5.4 0.18 7
1425.0 VLA-A 2006 Feb 21 1.35 1.06 29.99 0.0764 p
1425.0 VLA-B 2005 Apr 15 4.13 3.64 −20.27 0.099 p
4860.1 VLA-B 2005 Apr 15 1.21 1.07 −27.24 0.053 p
4860.1 VLA-C 2005 Aug 9 3.89 3.56 −25.00 0.059 p
4850.0 Green Bank 91m/GB6 1986–1987 222 194 5 8
8460.1 VLA-B 2005 Apr 15 0.71 0.64 −34.99 0.034 p
8460.1 VLA-C 2005 Aug 9 2.29 2.10 −50.32 0.041 p
References along with the names of some of the well-known surveys. (1) VLSSr: Lane, Cotton & van Velzen (2014); (2) 6C: Hales, Baldwin & Warner
(1988); (3) MSRT: Zhang et al. (1997); (p) this paper; (4) WENSS: Rengelink et al. (1997); (5) B3: Ficarra, Grueff & Tomassetti (1985); (6) NVSS:
Condon et al. (1998); (7) FIRST: Becker, White & Helfand (1995); (8) GB6: Gregory et al. (1996)
tified in Faint Images of the Radio Sky at Twenty-cm survey
at 1400 MHz (FIRST; Becker, White & Helfand 1995). That list
has been critically reviewed by Nandi & Saikia (2012) who con-
firmed the double–double nature of only 23 objects including
J1706+4340. However, this study was begun in 2004, triggered by
the work presented by Marecki et al. (2006) also related to restarted
activity in AGNs but focused on the so-called core-dominated triple
(CDT) sources. CDTs could be the early stages of DDRSs when the
inner double is still too compact to be resolved in the maps encom-
passing the whole double–double structure.
Marecki et al. (2006) devised an automated procedure to se-
lect CDTs from FIRST. Each FIRST source with a flux density
listed in that catalogue being greater than a particular threshold
(75 mJy) was picked and then a pair of sources straddling it, i.e.
the potential lobes, was sought within a 2-arcmin radius of the ini-
tially selected source – the potential core. It was required that the
peak flux densities of the putative lobes were less than 30 per cent
of that of the putative core. That threshold was somewhat arbitrary,
but was based upon an initial, extensive visual inspection of FIRST
maps: the peak flux densities of the lobes in the vast majority of
sources with the required morphology fell well below that limit
anyway.
Owing to the above selection procedure, it was possible to se-
lect many CDTs but it had one side effect that was not destructive
to the CDT selection process and in the end turned out to be fortu-
nate. If a potential CDT core was accompanied with another nearby
compact source and if such a double shared a common pair of lobes,
the algorithm formally detected two CDT candidates, each centred
on one of the two point-like sources but sharing the same pair of
the outer lobes. It follows that identifying such cases was equiva-
lent to a selection of potential DDRSs. In order to make sure that
those were indeed DDRSs, the positions of optical objects near the
centre of the field were taken into account. Eventually, it was found
that in one such case neither of the two alleged CDT cores was an
actual one but both straddled the optical/infrared object. Because
of the presence of the common pair of large-scale lobes found by
the algorithm, the whole selection process by Marecki et al. (2006)
led to a serendipitous discovery of a new DDRS – J1706+4340 – in
which the point-like sources appear as the inner pair of mini-lobes
co-linear with the outer pair of extended but diffuse lobes.
3 OPTICAL AND INFRARED DATA
According to Sloan Digital Sky Survey (SDSS;
Adelman-McCarthy et al. 2008), the position of the stellar-
like object associated with J1706+4340 is RA=17h06m25.s44,
Dec.=+43◦40′40.′′16. Its SDSS optical magnitudes are:
u=22.03±0.16, g=20.79±0.03, r=19.81±0.02, i=19.26±0.01, and
z=18.79±0.03. Its photometric redshift based on the sixth SDSS
release is z=0.525±0.051. This makes 1 arcsec on the sky to be an
equivalent of 6.242 kpc.
The Wide-field Infrared Survey Explorer satellite
(Wright et al. 2010) catalogue gives the following magni-
tudes of J170625.43+434040.1: W1(3.4µm)=14.676 ± 0.027,
W2(4.6µm)=13.957 ± 0.031, W3(12µm)=11.415 ± 0.135, and
W4(22µm)=8.557. According to Gürkan, Hardcastle & Jarvis
(2014) and Wright et al. (2010), the calculated colours (W1-
W2)=0.719 and (W2-W3)=2.542 indicate that the central source
is of an AGN type and that the parent object is located close
to the area occupied by quasars. Using the infrared photometric
data given above as well as the Two Micron All-Sky Survey
(Skrutskie et al. 2006) measurements, we fitted the spectral energy
distribution (SED) of the parent object with the Code Investigating
c© 0000 RAS, MNRAS 000, 1–11
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Table 2. Flux densities of different components of J1706+4340
Frequency Flux density (mJy)
(MHz) Total structure <———– Inner structure ———-> Outer structure
Observed Observed Observed Model fit Observed Model fit
NE lobe SW lobe NE+SW
(1) (2) (3) (4) (5) (6) (7)
73.8 1419±380a
151.5 1170±110 708.8±110 692.0
152.2 1125±60 665.7±60 688.8
232.0 650±65b 323.5±65 453.7
240.1 878±47 560.3±47 438.3
326.9 548±29 300.9±30 320.1
408.0 429±20c 222.3±20 254.2
612.2 334±17 20.19±1.04 134.44±6.73 147.3 179.6±16 164.3
1400.0 148±8 78.2
1400.0 9.02±0.72 70.66±3.59 78.2 68.2±7.5 60.8
1425.0 7.08±0.38 62.01±3.14 77.1
1425.0 9.36±0.54 66.13±3.32 77.1
4850.0 36.1±7.4 7.4±3.6 8.20
4860.1 3.27±0.21 25.03±1.30 27.6
4860.1 3.26±0.20 25.85±1.27 27.6
8460.1 2.05±0.13 15.04±0.76 16.8
8460.1 2.23±0.14 16.28±0.87 16.8
aThe original flux density of the VLSSr survey (RBC scale; Roger, Bridle & Costain 1973) was multiplied by a factor of 0.9 to suit the Baars et al. (1977)
scale;
bthis is the peak flux and the error is 10 per cent of the flux;
cthe original B3 flux density which is given in the CKL scale (Conway, Kellermann & Long 1998) is according to Baars et al. (1977) multiplied by a factor of
1.129 to the common Baars scale.
GALaxy Emission (cigale) package1 (Roehlly et al. 2014). The
SED is concordant with the SDSS magnitudes and the resultant
photometric redshift is slightly smaller but – accounting for its
uncertainty – still consistent with the SDSS estimate given above.
4 MULTIFREQUENCY RADIO OBSERVATIONS
For the purpose of this study, we analysed the data we acquired
ourselves using the VLA and GMRT but also those available in the
archives. Details of the observations are shown in Table 1 and in the
three following subsections. The flux densities of different parts of
the radio structure of J1706+4340 are listed in Table 2.
4.1 GMRT observations and data analysis
We performed dedicated observations of J1706+4340 with GMRT
in three frequency bands: 152, 240, and 612 MHz, the latter two be-
ing obtained in dual frequency mode. The project code was 20−005
and the observations were carried out on 2011 August 25 and 31 for
the 152 and 240/612 MHz bands, respectively. Data were recorded
using 8-s integration time with the available frequency band divided
into 256 channels. The usual scheme of observing phase calibrator
interlaced with the observation of the target source was adopted.
Flux density calibrators 3C286 and 3C48, respectively, were ob-
served for about 15 min. at the beginning and at end of each ob-
serving run. Phase calibrators 3C309.1 and 3C286 were used at
1
cigale code is publicly available at http://cigale.lam.fr.
frequencies centred at 152 and 240/612 MHz, respectively. The to-
tal integration time on the target source was about 5.3 and 5.5 h at
152 and 240/612 MHz, respectively.
Data reduction was carried out following standard calibration
and reduction procedures in Astronomical Image Processing Sys-
tem (aips). Data were edited for strong radio frequency interference
and then standard flux, phase, and bandpass calibrations were ap-
plied. The deconvolved images were made using the task IMAGR,
where the field of view covering the primary beam was subdi-
vided into a number of facets. Several rounds of phase-based self-
calibration were performed. The resultant image was then corrected
for the primary beam using the task PBCOR.
The flux density calibration errors are assumed to be 5 per
cent at 612.2 and 8 per cent at 240.1 and at 152.2 MHz. The flux
density measurements and their errors are shown in Table 2. The
images at 152.2 and 612.2 MHz are shown in Fig. 1. The quality of
the 240.1 MHz map is not satisfactory, therefore we do not present
it here and use it only for the measurement of the total flux density
of the source at this frequency.
4.2 VLA observations and data reduction
We observed J1706+4340 with the VLA at 1425 (conf. A and B),
4860 (conf. B and C), and 8460 MHz (conf. B and C) between
2005 April and 2006 February. The exact dates of these observa-
tions along with the beam sizes are shown in Table 1. They are
marked with ‘VLA’ followed by the letter A, B, or C – it denotes
the configuration – in column (2) of that table and the letter ‘p’
in column (6). The length of each observation is given in the cap-
tion of Fig. 2. 3C286 was used as an amplitude and J1707+4536
c© 0000 RAS, MNRAS 000, 1–11
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CONT: J1706+4340  IPOL  152.2 MHz
Cont peak flux =  3.8807E-01 JY/BEAM
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Levs = 4.000E-04 * (1, 1.41, 2, 2.83, 4, 5.66, 8, 11.31, 16, 22.63, 32, 45.25,
64, 90.51, 128, 181, 256)
D
ec
lin
at
io
n 
(J2
00
0)
Right Ascension (J2000)
17 06 32 30 28 26 24 22 20
43 41 30
15
00
40 45
30
15
00
39 45
30
Figure 1. GMRT images. Upper panel: 152.2 MHz; Lower panel:
612.2 MHz. Crosses in each panel indicate the position of the parent op-
tical object. The size of the beam is indicated by an ellipse in the bottom
left corner of each panel.
as a phase calibrator. Data reduction was carried out in aips in a
standard way. The flux density measurements and their errors are
shown in Table 2. The images were generated by aips task IMAGR
and are shown in Fig. 2.
4.3 Archival data
Apart from the dedicated observations itemized in subsec-
tions 4.1 and 4.2, we used publicly available images from the
VLA Low-Frequency Sky Survey Redux at 74 MHz (VLSSr;
Lane, Cotton & van Velzen 2014), the Westerbork Northern Sky
Survey at 327 MHz (WENSS; Rengelink et al. 1997), FIRST,
NRAO VLA Sky Survey at 1400 MHz (NVSS; Condon et al.
1998), and the Green Bank 4850 MHz northern-sky survey (GB6;
Gregory et al. 1996). The flux densities obtained directly from the
FITS maps (either produced for the purpose of this investigation
or taken from the surveys) using aips tasks TVSTAT or JMFIT (in
the case of point sources) are assumed to have the absolute flux
calibration errors of 5 per cent. The flux densities taken from the
literature are assumed to have the errors as determined in the cor-
responding references. In the case of the flux density values that
were not measured directly from the FITS maps (e.g. those of the
extended structure) but estimated by other means, we propagate
the errors of the directly measured flux densities. In the case of
an extended source, a noise term related to the size of its struc-
ture (the product of map noise and square root of the number of
beams per structure) was added, and the overall error is a root mean
square of the calibration and noise errors. The resulting flux den-
sities (along with the errors) of our target, given in the Baars et al.
(1977) scale are listed in Table 2. In Fig. 3, we show the observa-
tional spectra of the whole source and of the inner north-eastern
and south-western lobes. The spectra of the inner lobes are straight
and flatter than the total source spectrum. Also, we obtained a com-
bined spectrum of the inner lobes after adding the flux densities of
both of them. Then we fitted a linear function to the data points in
the form log[S (mJy)] = (−0.81±0.02)× log[ν(MHz)]+ (4.43±0.07).
Finally, to obtain the flux densities of the outer lobes between 73
and 408 MHz, we subtracted the predicted flux density of the inner
lobes from the spectrum of the whole source. The remaining values
at 612, 1400, and 4850 MHz come from direct subtraction of the
flux density figures of the inner structure from the flux density of
the whole source.
4.4 Overall radio structure
The projected linear sizes of the inner and outer structures are 200
and 750 kpc, respectively. Based on the latter figure, J1706+4340
can be labelled a giant radio galaxy (GRG)2. The 1400 MHz lumi-
nosity of the inner and outer structures is log(Pinn)= 25.88 W Hz−1
and log(Pout)= 25.85 W Hz−1, respectively. This is a rare case of a
DDRS whose inner double is as luminous as the outer one. There
is a characteristic brightness asymmetry in the lobes – whereas the
north-eastern outer lobe is only a little brighter than its opposite
counterpart, the inner south-western lobe is much more luminous
than the north-eastern one (cf. the fluxes in columns (3) and (4) of
Table 2). No hotspots are visible in the outer lobes. This is par-
ticularly well pronounced in the 1400 MHz VLA image (Fig. 2,
upper-left panel). The spectra of the outer lobes are very steep
above 1400 MHz, they are thus well imaged only with GMRT at
612.2 MHz (Fig. 1, lower panel); at this frequency the lobes are still
strong while the resolution of the instrument is the highest. Only the
8460 MHz images reveal a very weak radio core at the position of
the optical counterpart. Its flux density is below 0.4 mJy.
Among the six VLA images (Fig. 2), the outer lobes can only
be seen in the one acquired owing to the conf. B 1400 MHz obser-
vation (upper-left panel). In the case of conf. A observation at the
same frequency, the fraction of the ‘missing flux’ due to diffuse-
ness of the structures of the outer lobes must be close to unity, so
that they are absent in that image. This is also the ultimate proof
that the hotspots are missing there, otherwise they should have
appeared there anyway due to their compactness. Because of dif-
fuseness of structures and steepness of spectra as well as lack of
hotspots, the outer lobes are not visible in the VLA images at 4860
and 8460 MHz.
2 The minimum span of a GRG is 1 Mpc but for H0=50 km s−1Mpc−1. For
H0 adopted here, that lower limit should be downsized to 700 kpc.
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CONT: J1706+4340  IPOL  4860.100 MHz
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CONT: J1706+4340  IPOL  4860.100 MHz
Cont peak flux =  1.8488E-02 Jy/beam
Levs = 3.000E-04 * (1, 1.410, 2, 2.830, 4, 5.660,
8, 11.31, 16, 22.63, 32, 45.25, 64, 90.51, 128)
D
ec
lin
at
io
n 
(J2
00
0)
Right Ascension (J2000)
17 06 27.5 27.0 26.5 26.0 25.5 25.0 24.5 24.0 23.5
43 40 55
50
45
40
35
30
25
CONT: J1706+4340  IPOL  8460.100 MHz
Cont peak flux =  1.4180E-02 Jy/beam
Levs = 2.000E-04 * (1, 1.410, 2, 2.830, 4, 5.660,
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CONT: J1706+4340  IPOL  8460.100 MHz
Cont peak flux =  9.7096E-03 Jy/beam
Levs = 2.000E-04 * (1, 1.410, 2, 2.830, 4, 5.660,
8, 11.31, 16, 22.63, 32, 45.25, 64, 90.51, 128)
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Figure 2. VLA images. Upper left: 1425 MHz, B-conf., integration time on source – 10m50s; Upper right: 1425 MHz, A-conf., 9m45s on source; Middle left:
4860 MHz, C-conf., 9m50s on source; Middle right: 4860 MHz, B-conf., 18m55s on source; Lower left: 8460 MHz, C-conf., 31m40s on source; Lower right:
8460 MHz, B-conf., 28m45s on source. Upper left panel encompasses the whole source, other panels – only the inner lobes. Crosses in each panel indicate the
position of the parent optical object. The size of the beam is indicated by an ellipse in the bottom left corner of each panel.
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Table 3. Summary of the model parameters
Parameter Symbol Outer lobes Inner lobes
(1) (2) (3) (4)
Observed:
Angular size of lobe (×2) LAS 120 arcsec 32 arcsec
Length of lobe (×2) D 749 kpc 200 kpc
Aspect ratio of lobe RT 2.15 10
Radio spectrum; i.e. monochromatic αν
luminosity at a number of observing
frequencies; i = 1, 2, 3,... Pν,i Note(1) Note(2)
Set:
Adiabatic index of jet material Γj 4/3 4/3
Adiabatic index of lobe material Γℓ 5/3 4/3
Adiabatic index of ambient medium Γx 5/3 5/3
Adiabatic index of magnetic field ΓB 4/3 4/3
Minimum of initial electron Lorentz factor γmin 1 1
Maximum of initial electron Lorentz factor γmax 107 107
Core radius of ambient density distribution a0 2 kpc –
Exponent of ambient density distribution β 1.5 1.5, 0
Ratio of energy densities of thermal and
relativistic electrons k′ 0, 1 0
Free:
Jet power Qj(W)
External density at core radius ρ0(kg m−3)
Exponent of initial power-law energy
distribution of relativistic electrons p = 1 + 2αinj
Source (lobe) age t(Myr)
Notes. (1) Relevant luminosities are calculated with flux densities shown in column (6) of Table 2. (2) Relevant luminosities are calculated with flux densities
shown in columns (3)+(4) of Table 2.
100 1000 10000
log (Frequency [MHz])
10
100
1000
lo
g 
(F
lux
 de
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ity
 [m
Jy
])
Total structure
Inner SW lobe
Inner NE lobe
Figure 3. Radio spectrum of the different parts of J1706+4340. Straight
lines indicate power-law fit to the inner NE and SW lobes.
5 DYNAMICAL EVOLUTION ANALYSIS
5.1 Numerical code
Following the earlier work of Machalski, Jamrozy & Saikia (2009);
Machalski, Jamrozy & Konar (2010) and Machalski (2011), the
dynamical analysis presented in this study has been carried out
using dynage code (Machalski et al. 2007) based on the ana-
lytic model for the evolution of FRII-type radio sources. It com-
bines the pure dynamical model of Kaiser & Alexander (1997)
with the model of expected radio emission from a source un-
der the influence of the energy loss processes elaborated by
Kaiser, Dennett-Thorpe & Alexander (1997) – the KDA model. For
a given set of observables, this numerical code allows one to solve
the inverse problem, i.e. to determine four free parameters of the
KDA model: (1) the initial power-law energy distribution of the
relativistic electrons p related to the effective injection spectral in-
dex αinj (see Table 3), (2) the jet power Qj, (3) the density of the
external gaseous medium near the radio core ρ0, and (4) the age of
the source’s radio structure t.
A detailed description of how to apply the above code was
given by Machalski, Jamrozy & Saikia (2009). Yet, it is worth men-
tioning here that determination of the values of these four param-
eters of the model is possible by a fit to the observational pa-
rameters of a source: its projected linear size D, the volume V ,
the radio power Pν and the radio spectrum αν that provides (Pν)i
at a number of observing frequencies i = 1, 2, 3, .... As in the
KDA model, a cylindrical geometry of the source (its lobes) is as-
sumed, V =pi D3/16 R2T, where RT is their axial ratio. Similarly, the
minimum-energy condition for the ratio of the energy density of
the magnetic field in the lobes to that of all particles is enforced by
setting r= (1 + p)/[4(k′ + 1)]. This is justified by observations that
the magnetized material in the lobes of FRII-type sources appears
to be close to the minimum-energy conditions (cf. Croston et al.
2005; Kataoka & Stawarz 2005). The values of the remaining free
parameters of the model have to be assumed. These are the follow-
ing: the core radius a0, the exponent β describing the ambient den-
sity profile ρ(d)= ρ0(d/a0)−β, the adiabatic indices in equations of
state for the jet material, the magnetic field, the ambient medium,
and the source (its lobes) as a whole, Γj, ΓB, Γx and Γℓ, respec-
c© 0000 RAS, MNRAS 000, 1–11
Double–double radio galaxy J1706+4340 7
Table 4. Model and derivative parameters for the inner and the outer struc-
ture (lobes) of J1706+4340
Inner structure Outer structure
Parameters β=1.5 β=0 k′=0 k′=1
(1) (2) (3) (4) (5)
Model:
αinj 0.554 0.544 0.526 0.54
Qj(×1037W) 2.63 3.48 2.59 4.40
ρ0(×10−22kg m−3) 5.43 0.075 18.6 22.3
t(Myr) – – 294 262
tj(Myr) 11.8 12.3 275 244
Derivative:
vh/c(×10−3) 23.7 15.9 2.86 3.20
ρ(D/2)(×10−24kg m−3) 1.53 7.25 0.73 0.87
pℓ(×10−13N m−2) 9.24 5.34 1.12 1.68
Bℓ(nT) 1.75 1.32 0.45 0.42
χ2
red. 2.21 2.74 2.63 2.68
tively. The other free parameters to be assumed are the following:
the Lorentz factors determining the energy range of the relativistic
electrons used in integration of their power-law distribution γi,min
and γi,max, and the ratio of the energy density of thermal particles to
that of the relativistic electrons k′.
The original KDA model assumes a constant and uninter-
rupted jet flow delivering relativistic gas to the expanding lobes
throughout the whole lifetime of a source. However, the radio maps
in Figs 1 and 2 show no evidence for active hotspots in the outer
lobes. This suggests that they are no longer supplied with energy
by active jets. Taking into account the presence of the inner lobes’
structure, we assume that the energy supply to the outer lobes
ceased relatively recently in terms of the total age of the source.
Therefore, in order to analyse evolution of this structure in the
framework of the discussed scenario, we have to introduce one
more free parameter of the model – the primary jet duration tj.
5.2 Application of the model and fitting procedure
The analytical model described in Section 5.1 has been applied to
the observational data of the inner and outer lobes of J1706+4340.
The set of the model parameters with their values assumed for the
given pair of lobes is shown in Table 3.
5.2.1 Inner lobes
As a first step, we apply the model to the observational data of
the inner lobes because they are much better determined than those
for the outer ones. Though the radio spectra for each of the in-
ner lobes are derived, it should be pointed out that their unusually
high asymmetry in the observed luminosity (∼1:8) poses a diffi-
culty for the modelling. Indeed, such asymmetry induces signifi-
cantly different values of the model parameters of individual lobes,
like Qj, ρ0, and t. In this context, some self-consistent model solu-
tions explaining the case by different ambient density profiles along
the opposite jets were proposed by Machalski, Jamrozy & Saikia
(2009) and Machalski (2011) but for the primary (outer) lobes in
a sample of giant radio sources. A similar issue related to the sec-
ondary (inner) lobes of a known DDRS J1548−3216 was discussed
by Machalski, Jamrozy & Konar (2010), however in that case the
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Figure 4. Fitted spectra to the lobes. Straight line – power-law fit to the
inner lobes. Dotted curve – dynage fit to the inner lobes. Dashed curve –
dynage fit to the outer lobes.
relevant asymmetry was only about 1:2. The same aspect in two
other DDRSs – B1430+333 and B1843+620 – was analysed and
discussed by Brocksopp et al. (2011). Here, we confine our anal-
ysis to the whole inner structure, i.e. omitting differences between
the opposite lobes and using one half of the sum of the flux densities
in columns (3) and (4) of Table 2 to calculate the radio luminosities
at a given observing frequency.
It has been pointed out by e.g. Kaiser & Cotter (2002),
Brocksopp et al. (2007), Brocksopp et al. (2011), Machalski et al.
(2007), and Machalski, Jamrozy & Konar (2010) that due to a large
number of free parameters, the applied analytical model is very
flexible hence quite different sets of its parameters may fit the ob-
servational data – especially the radio spectrum – with a compara-
ble level of significance. Since an independent observational con-
straint on the model parameters, e.g. on the ambient medium den-
sity provided by the X-ray measurements, is not available here,
particularly for a density inside the outer lobes of J1706+4340,
searching for a minimum of the jet energy delivered into the source,
(Qj × tj)min is included into our procedure.
We investigate two opposing models. In the first one, a power-
law density distribution of the external gaseous medium with a
standard exponent β = 1.5 is assumed, while in the other one it
is assumed that the inner lobes evolve into a pure uniform medium
with β = 0 inside a cocoon formed and inflated by the material of
the primary jet flow. In both models, we assume that the lobes are
filled only with magnetic fields and relativistic particles governed
by a relativistic equation of state with Γℓ = 4/3. Columns (2) and
(3) of Table 4 show the fitting results for these two models, respec-
tively. The relevant flux densities resulting from the first model are
shown in column (5) of Table 2 for a comparison with observations
and Fig. 4 shows the model spectrum compared to the observed data
points. The differences between various physical parameters result-
ing from these two models are further discussed in Sections 6.3 and
6.4.
5.2.2 Outer lobes
Contrary to the inner structure, the energy density of the outer
hence older lobes may contain some contribution from thermal
non-radiating particles, i.e. k′ , 0. We thus set Γℓ = 5/3 for these
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lobes. Note that when the jet activity is terminated, the adiabatic
expansion of the primary lobes is expected to slow down and faster
energy losses of the relativistic electrons are presumed. Therefore,
two different phases of their dynamical evolution should be consid-
ered, the first one corresponding to the ongoing feeding of the lobes
by the active jets (source ages t≤ tj) and the second one correspond-
ing to the case when the jet flow has ceased (ages t > tj). Impor-
tantly, the evaluation of the fading lobes’ luminosities is done tak-
ing into account only those relativistic electrons that were injected
into the lobes during the first phase of evolution, i.e. the ongoing
jet activity. The integration over the injection time for the expected
radio emission is performed following the prescription given by
Kaiser & Cotter (2002) for relic radio sources.
As a first step, we search for the best model solution with
k′ = 0. The fitted values of the model parameters are shown in
column (4) of Table 4. Note that the resultant values of αinj are
almost identical in the best solutions for both the inner and outer
lobes. This is in an agreement with the main conclusion drawn by
Konar & Hardcastle (2013) based on a study of a sample of eight
DDRSs (J1706+4340 was not included there). Moreover, the val-
ues of αinj and Qj we obtained follow the correlation between αinj
and Qj found by Konar & Hardcastle – see the bottom panel of their
fig. 2 – even though the method of determination of αinj and Qj they
used and the one we adopted here were different. Those different
approaches and their implications for the αinj and Qj estimates are
further discussed and commented in Section 6.2.
It should also be noted that the derived jet power during its
primary activity is comparable to its fitted value during the recur-
rent activity. The above result, obtained with the fitting procedure
carried out independently for the outer and inner structures, may
indicate that Qj cannot vary significantly between the two active
phases. However, the model of the inner lobes with β = 0 admits
slightly higher value of Qj than that for the outer lobes. It is ob-
vious that a contribution to the energy density of these lobes from
possible thermal particles requires an increase of the jet power to
explain their observed radio emission. Therefore, we investigate
another model for the outer lobes with k′ > 0, finding that k′ = 1
already satisfied a condition Qj,out ≥ Qj,inn. The relevant model pa-
rameters are shown in column (5) of Table 4 and the flux densities
resulting from the model with k′=0 – in column (7) of Table 2.
Except for the fitted values of the model parameters defined
in Section 5.1, some derivative physical parameters of the radio
structures are also shown in Table 4. These are the following: the
longitudinal expansion velocity of the lobe given by differentia-
tion of the formula for the jet length (cf. equations (4) and (5) in
Kaiser & Alexander 1997), the ambient density at the end of the
lobe, ρ(D/2), the pressure inside the lobe, pℓ ≡ pℓ(tj) and pℓ(t) =
pℓ(tj)(t/tj)−c1 for the inner and the outer lobes, respectively, where
pℓ(tj) corresponds to the cocoon’s pressure given by equation 20
in Kaiser & Alexander (1997) and c1 = 6(Γℓ − 1)/(7 + 3Γℓ − 2β)
(cf. Kaiser & Cotter 2002), and a mean value of the magnetic field
strength, Bℓ= (2µ0uB)1/2, where uB= (pℓ × r)/[(Γℓ − 1)(r+ 1)] is the
magnetic field energy density.
Note that all the models reveal a similar agreement with the
observational data. The last line in Table 4 presents the χ2 values
reduced by the degree of freedom. Although these values are rather
high, they are overestimated by the large discrepancy between the
flux densities measured on the Miyun Synthesis Radio Telescope
(MSRT) and GMRT maps at ∼240 MHz used to determine the ra-
dio spectrum of the outer lobes (cf. Fig. 4), as well as likely under-
estimated flux density at 1425 MHz measured in the VLA A-conf.
image in the spectrum of the inner lobes.
6 DISCUSSION
6.1 Uncertain redshift
Since the spectroscopic redshift of the host galaxy of J1706+4340
is not available, we use its photometric estimate – it has been given
in Section 3. It is among the highest redshift values of radio galax-
ies suspected for a recurrent nuclear activity (cf. Nandi & Saikia
2012). Note that only B1843+620 galaxy (z = 0.519) belongs to
the group of well-studied DDRSs at redshift of ∼ 0.5. Therefore,
the dynamical model parameters of J1706+4340 derived by the fit
to its observational data, i.e. the energetics, ages, etc., can be less
certain than those for sources with spectroscopic redshift available,
and hence with more certain distance to the observer enabling a
better determination of their size, luminosity, and radio spectrum.
Taking into account possible overestimation of the adopted redshift,
we performed the fitting procedure for the inner and the outer lobes
adopting z = 0.3. Such hypothetical much lower value of redshift
enables an investigation of its influence on the fitted values of αinj
and Qj. Note that at this redshift both pairs of the lobes will appear
less luminous and their span shorter compared to the respective val-
ues at z=0.525. In particular, the span of the inner/outer lobes will
be ∼140 kpc and ∼530 kpc, respectively, placing J1706+4340 be-
low the lower limit of the size of a GRG mentioned in Section 4.4.
Likewise a decreased luminosity will imply a lower jet power ad-
equate to provide the observed radio emission. Indeed, we found
the best-fitting solution with αinj = 0.539, Qj = 0.84 × 1037 W and
t = 15.8 Myr for the inner lobes modelled with β = 0, as well as
αinj = 0.530, Qj = 0.92 × 1037 W, t = 340 Myr and t − tj = 28 Myr
for the outer lobes assuming k′ = 1. As expected, the best-fitting
values of αinj and, especially, of Qj diminish with decreasing red-
shift, thus being compatible with the αinj – Qj correlation noticed
and discussed by Konar & Hardcastle (2013).
6.2 Remarks on the ‘spectral index–jet power’ correlation
and their values during consecutive episodes of activity
As noted in Section 5.2.2, our results obtained from the dynami-
cal analysis follow the αinj – Qj correlation determined in a dif-
ferent way. Konar & Hardcastle (2013) used the synchrotron JP
model (Jaffe & Perola 1973) to fit the value of αinj and a frequency
break νbrJP in radio spectra of the sources in their sample that al-
low determination of the spectral age of actually radiating rela-
tivistic electrons τsyn. In order to estimate the value of Qj, they
applied the relation equating the total energy deposited by the jet
inside the volume of the lobe Vℓ, (Γℓ − 1) Qj tj ≈ pℓVℓ, admittedly
identifying tj with τsyn. Their approach results in a steep slope of
the investigated correlation. In fact, that slope flattens due to evi-
dently higher jet powers if αinj and Qj values are determined from
the dynamical analysis. For example, Machalski, Jamrozy & Saikia
(2009) have already modelled most of the sources from the sample
of Konar & Hardcastle providing a comparison between spectral
and dynamical αinj values, and finding Qj values ∼(1.2–2) times
higher than those in Konar & Hardcastle. The latter result is eas-
ily explained by the fact that their approach accounts for the syn-
chrotron losses only but not for the adiabatic expansion of the lobes.
However, it is worth emphasizing that Konar & Hardcastle
(2013) have analysed and discussed an interesting problem of
whether the injection spectral index and the jet power in the outer
and the inner lobes of DDRSs are expected to differ or not. They
pointed out that the principal factor determining αinj should be the
strength of the jet-termination shock which, in turn, should depend
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on the external medium density ρx. Since the inner lobes are im-
mersed in the cocoon material of the outer lobes whose ρx is very
likely different from the density of the primary environment sur-
rounding the latter ones, one can expect a systematic difference be-
tween αinj,inn and αinj,out, which is not observed. On the other hand,
there is commonly expected that Qj depends on the supermassive
black hole (SMBH) mass, the accretion disc properties and accre-
tion rate, and perhaps the SMBH spin (e.g. Blandford & Znajek
1977, Tchekhovskoy et al. 2010). The question why a correlation
between the spectral index and the jet power – the quantities that
are ruled by quite different physical conditions inside the nucleus
of a host galaxy and in the external environment – exists, deserves
further study.
6.3 Age and intermittent activity
The age solutions for the inner and outer lobes collected in Table 4
suggest that the last renewal of the jet activity took place about
12 Myr ago, thus its present age is about 4−5 per cent of the age
estimated for the outer lobes’ structure. On the other hand, the qui-
escent period time emerging from the model fits, t − tj, of about
18−19 Myr is not much larger than the age determined for the inner
structure. However, it should be increased by the real time elapsed
between the last jet material ejected by the AGN and the time it
reached the head of the still-expanding lobe which is not taken into
account in dynage algorithm. When this is accounted for, the age
proportions are very similar to those found in other already investi-
gated DDRSs.
The first attempt to estimate the time-scales of
the interruption of the jet flow was undertaken by
Kaiser, Schoenmakers & Röttgering (2000). They showed
that this ‘elapsed’ time is comparable to the age of in-
ner lobes in their sample of five very large DDRSs in-
cluding B1450+333 and B1834+620 further modelled by
Brocksopp et al. (2011) in terms of their dynamical evolu-
tion. Also, Kaiser, Schoenmakers & Röttgering (2000) found
comparable values for the ages of the inner lobes and the
time lag t − tj, especially in the case of B1834+620. Another
example of intensively studied DDRS is PKS B1545−321
(J1548−3216). Its restarted jet activity was analysed and dis-
cussed by Saripalli, Subrahmanyan & Udaya Shankar (2003),
Safouris et al. (2008), and Machalski, Jamrozy & Konar (2010).
The inner lobes are deeply immersed into the extended cocoon
of the primary radio emission implying a very short time-scale
between cessation and renewal of the jet activity estimated as
(0.5−1) Myr, while the fitted age of these lobes is ∼ (5−9) Myr.
Duration of the quiescent phase can be also estimated from
the curvature of the radio spectrum due to the energy losses caused
by the synchrotron and inverse-Compton processes. In order to
compare such estimate with that derived using dynage, the spec-
tral JP model has been fitted to the spectrum of the outer lobes
of J1706+4340, and the value of νbrJP = 1.8>40−0.3 GHz has been de-
termined using synage package (Murgia 1996) adopting the in-
jection spectral index αinj = 0.54, and the magnetic field strength
Bℓ=0.42 nT, i.e. the values found using dynage. It follows that du-
ration of the period of quiescence is 27+2
−22 Myr. As can be seen,
the uncertainty of this period is very unsymmetrical; its upper limit
is a little higher than (18−19) Myr estimated with the dynamical
analysis, however rather expected as discussed above.
6.4 Subsonic/supersonic expansion
Not only lacks J1706+4340 optical spectrum but there are also no
X-ray observations available that, in principle, could provide some
constraints on the model parameters including density, pressure,
and kinetic temperature of the intergalactic medium surrounding
the DDRS under investigation. Nevertheless, a crude estimates of
the ambient kinetic temperature and the sound speed in the ambient
gaseous environment are possible using the derivative physical pa-
rameters shown in Table 4. From the equation of state (for a perfect
gas):
kT = µmH p/ρ ∼ µmH ph/ρ(D/2) and
cs = [(Γx kT )/(µmH)]1/2,
where the pressure of the jet’s head (working surface of the bow
shock) is taken as ph = Phℓ pℓ, and the ratio Phℓ is adopted from
Kaiser (2000). Assuming the mean atomic weight µ = 0.62, we
find kT = 4.9 keV and cs = 0.00374c for the outer lobes. Since the
model with k′ = 0 gives vh/c = 0.00286c, the ratio vh/cs = 0.77
supports a presumption based on a lack of hot spots and any trace
of a bow shock on the radio maps, that the longitudinal expan-
sion of these lobes is subsonic, i.e the Mach number < 1. It is
worth noting that the above ambient temperature is fully compati-
ble with the X-ray temperatures in the samples of 20 powerful 3CR
radio source (Belsole et al. 2007), and 31 nearby clusters of galax-
ies (Croston et al. 2008b), fitted to the observed counts made with
the XMM–Newton and Chandra observatories.
Estimation of the kinetic temperature inside the cocoon sur-
rounding the inner lobes is problematic because their gaseous envi-
ronment is likely modified by the jet flow during the earlier phase
of activity. Thus, using the more conservative value of pℓ instead of
ph in calculation of kT values from the two models investigated in
Section 5.2.1 for these lobes, we find kT =3.9 keV, and cs=0.0030c
in the model with β=1.5, as well as kT =0.5 keV and cs=0.0011c
in the model with β = 0. So, dividing the corresponding values of
the advance speed of the inner lobes vh/c (inserted in Table 4) by
the relevant sound speeds given above, we find the Mach number in
the range 8–15. The value kT <1 keV estimated in the frame of the
model with β=0 perhaps permits to distinguish the model with the
uniform external density distribution, because such temperatures
were found in the centres of haloes or clouds of X-ray emitting gas
surrounding nearby radio galaxies (cf. Allen et al. 2006; Lanz et al.
2015). Also the kT value, higher for the outer lobes than that for the
inner ones, is in line with the electron density and temperature pro-
files presented in Croston et al. (2008a,b).
7 SUMMARY AND CONCLUSIONS
(i) In this article, we present a comprehensive study of a newly
discovered DDRS J1706+4340. We carried out radio observations
of this object with GMRT and the VLA at several frequencies rang-
ing from 152 to 8460 MHz and we present images resulting from
these observations. The double–double structure is clearly visi-
ble in these images albeit only at frequencies lower than or equal
to 1425 MHz. The outer lobes are diffuse and show no traces of
hotspots. It follows that they are in the coasting i.e. the final stage
of their evolution.
(ii) We supplemented our data with those in the literature
and constructed spectra of different parts of J1706+4340 cover-
ing more than two orders of magnitude wide frequency range:
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from 74 to 8460 MHz. We modelled these spectra with dy-
nage code and determined the ages of both the outer and inner
lobes, as well as duration of the quiescent period. The resulting
age of the outer lobes (260 − 300 Myr) appears to be the old-
est among relevant age estimates in other well-studied DDRSs,
e.g. J0041+3224 (Saikia, Konar & Kulkarni 2006; Machalski
2011), B0925+420 (Kaiser, Schoenmakers & Röttgering 2000;
Brocksopp et al. 2007), and those cited in Section 6.3 where, un-
like in J1706+4340, the majority of them still reveal either weak
hotspots or a trace of bow shocks.
(iii) The frequency break, νbr, determined from the fit of the JP
model to the outer lobes’ spectrum with synage, together with the
magnetic field strength, Bℓ, found with dynage, provide indepen-
dent estimate of the quiescence period, fully compatible with that
determined in the dynamical analysis. It is an order of magnitude
shorter than the age of the outer lobes, whereas the age of the inner
lobes is only 4−5 per cent of the outer ones. All these results fit
the well established paradigm ruling the DDRSs: they are restarted
sources where the two pairs of lobes are pertinent to two consec-
utive episodes of activity separated by a period of quiescence. Be-
cause of the appreciable steepness of the spectra of the outer lobes
above νbr, combined with their diffuseness, their apparent absence
in the VLA images at 4860 and 8460 MHz may be considered ex-
plained.
(iv) The highly co-linear axes of both pairs of the lobes imply
that the SMBH in the central AGN has a stable orientation. For
the lack of noticeable distortions in the overall radio structure of
J1706+4340, it is the spin of SMBH rather than e.g. an instability
of the accretion disc that is likely to be responsible for the jet pro-
duction. Therefore, it may be expected that the new jets, formed
after disruption of their primary flow, should have the same power
as the old jets. It is worth emphasizing that the above condition was
almost fulfilled in dynage solution shown in column (4) of Table 4.
However, we show that an admixture of non-radiating particles in
the older outer lobes, parametrized by k′ = 1, increases the energy
requirement providing satisfactory surplus of the jet power.
(v) We show how the pressure conditions in the lobes derived
from dynage solutions allow a crude estimation of the kinetic tem-
peratures of the gaseous environment surrounding the outer and the
inner lobes as well as the relevant speeds of sound. We note that
the temperature estimate around the outer lobes is fully compatible
with the X-ray temperatures measured in the samples of power-
ful 3CR radio sources and nearby clusters of galaxies. We also find
that the current longitudinal (very likely adiabatic) expansion of the
outer lobes is already subsonic, thus compatible with presumption
that they are in the coasting stage of their evolution.
On the other hand, the head expansion of the inner lobes is an or-
der of magnitude faster than the outer ones, and the relevant Mach
number is around 10. Therefore, we conclude that these young
lobes can substantially modify the surrounding matter by driving
strong shocks and heating gaseous content of the old cocoon.
(vi) The extreme different values for the exponent of the exter-
nal density distribution along the inner lobes assumed in the fit-
ting procedure with dynage though providing comparable ages and
other model parameters (except of ρ0), imply clearly different ki-
netic temperatures of the ambient medium, kT >1 keV in the model
with β=1.5 and kT <1 keV in that with β=0. It seems that the latter
solution is preferred because such temperatures are typical for the
X-ray emitting haloes detected around nearby radio galaxies.
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